Treatment of 9,10-dibromoanthracene with one mole equivalent of n-butyllithium and chlorodiphenylphosphane yields 9-bromo-10-diphenylphosphanylanthracene (1). Oxidation of 1 with chalcogens leads to {Br(C 14 H 8 )(Ph 2 P=E)} with E = O (2), S (3) and Se (4). The syntheses and structure determinations of the parent compound 1 and the oxidized species 2 -4 are reported.
Introduction
9,10-Dibromoanthracene (A in Scheme 1) is a common reactant to obtain anthracene derivatives, both symmetrically and asymmetrically substituted in the 9-and 10-positions. However, reports on 10-heterosubstituted 9-bromoanthracenes of type B are rare. In almost all cases published so far, the compounds are bearing nitrogen, oxygen, boron or silicon in position 10; phosphorus derivatives of type C are completely unknown, although such compounds would be of great synthetic interest as the remaining halogen atom should be easily replaceable by various substituents.
Yamaguchi et al. synthesized a 9-bromo-10-borylanthracene as an intermediate for trianthrylboranes [1] , and more recently they reported on a B,B ,B -tris(10-bromoanthryl)borazine derivative which can be used as a key precursor for a variety of 10-substituted 9-anthrylborazins [2] . The palladium-catalyzed reaction of A with secondary amines can be performed without the use of strong bases to obtain the corresponding 9-bromo-10-aminoanthracene selectively [3, 4] . Another example of a group 15 substituted bromoanthracene is a bromoanthrylcarbazole whose structure was determined in the early 1990s [5] .
Treating 9,10-dibromoanthracene with two equivalents of n BuLi leads to 9,10-dilithioanthracene which can react with a variety of electrophiles to give symmetrically substituted compounds. Although the reaction was also used to form P-C-bonds, and the disubstituted compounds feature interesting properties 0932-0776 / 07 / 0500-0711 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. Heterosubstituted anthracenes. R = BR 2 , NR 2 , OR , SiR 3 ; R = alkyl, aryl.
like self-assembly and molecular recognition [6, 7] , the method is restricted to the formation of symmetrically substituted anthracene derivatives and so far no attempts were made to replace only one bromosubstituent of A by a PR 2 group to give C.
The first 9-phosphanyl substituted anthracene was synthesized by Akasaka et al. in the reaction of lithium diphenylphosphanide and 9-bromoanthracene [8] . Its ligand properties in transition metal chemistry were investigated and the [4+4] dimerization upon irradiation was observed [9] . 1,8-Bis(diphenylphosphanyl)anthracene serves as a chelating neutral donor ligand in transition metal chemistry [10] , and recently the synthesis of the symmetrically substituted 9,10-bis(diphenylphosphanyl)anthracene was communicated. Upon gold complexation a flexible cyclic [Au{C 14 H 8 (Ph 2 P) 2 }] 3 trication is formed [6] .
Results and Discussion
We reported the synthesis and oxidation of the parent 9,10-bis(diphenylphosphanyl)anthracene, to give the products {C 14 Surprisingly, the sulfur oxidized species is a solid-state fluorescent chemosensor for toluene. The host/guest complex of {C 14 H 8 (Ph 2 P=S) 2 } and toluene (mole ratio 1 : 2) shows a very intense green fluorescence in the solid state at 508 nm (λ ex = 380 nm). In the course of designing novel chemosensors [12] we have now isolated and characterized {Br(C 14 H 8 ) (Ph 2 P)} (1) as the first 9-bromo-10-phosphanylanthracene. In addition, we describe here the preparation and structure determination of the oxidized derivatives {Br(C 14 H 8 )(Ph 2 P=O)} (2), {Br(C 14 H 8 )(Ph 2 P=S)} (3), and {Br(C 14 H 8 )(Ph 2 P=Se)} (4).
Lithiation of 9,10-dibromoanthracene with one equivalent of n BuLi leads to a mono-lithiated bromoanthracene [13] which was reacted in situ with a stoichiometric amount of chlorodiphenylphosphane (Scheme 2). In contrast to the 9,10-diphosphanyl-substituted compound, the solubility of 1 in diethyl ether is very good and insoluble by-products can easily be removed by filtration.
The oxidation reactions of 1 were performed according to literature methods [14] . For the synthesis of 2 (E = O) the mild oxidizing agent H 2 O 2 ·(H 2 N) 2 C=O was used at r. t. in dichloromethane. The reaction of 1 with elemental sulfur and gray selenium in toluene at reflux gave 3 (E = S) and 4 (E = Se), respectively. All oxidation products were obtained in high yields. The δ ( 31 P) chemical shifts of the phosphorus atoms in 1 -4 are similar to the values published for the 9,10-diphosphanyl-substituted analogues [11] . All compounds were isolated as crystalline yellow solids and their identities were established by elemental analyses, mass spectrometry, NMR spectroscopy ( 31 P, 1 H, 77 Se) and single crystal X-ray diffraction. Table 1 . Selected bond lengths (pm) and angles (deg) of 1 -4.
190.40 (17) The results of the structure determinations of 1 -4 are shown in Fig. 1 , selected bond lengths and angles are given in Table 1 . The crystal data and the experimental parameters used for the crystal structure analyses are listed in Table 2 .
All compounds crystallize in the monoclinic space group P2 1 /n. The asymmetric units of 1 and 2 contain one molecule, while those of the derivatives 3 and 4 show two molecules. Different to the oxidized 9,10-disubstituted analogues, 1 -4 crystallize without any interstitial solvent molecules in the crystal. The bond lengths and angles and the conformations of the Ph 2 P and Ph 2 P=E substituents of 1 -4 are very similar to those in the disubstituted derivatives.
The molecules of 1 and 2 have the same orientation of the Ph 2 P and Ph 2 P=O substituents relative to the anthracene plane, each with one phenyl group on either side. The anthracene plane bisects the Ph-P-Ph bond angle in 1 (106.3 • ), and the oxygen atom in 2 is almost in plane (O-P-C10-C4a torsion angle 18.1 • ). This alignment of the phenyl substituents corresponds to the structures of analogous 1-phosphanylnaphthalenes. While the dihedral angle between the naphthalene C1-C2 and one P-C ipso−Ph bond is close to zero for the unsubstituted vicinal position 2 [15] , a larger substituent causes the same bisectional orientation [16] like in 1 and 2.
Differently, the two phenyl substituents of 3 and 4 are oriented towards the same side of the anthracene chromophore. The P=E bonds are arranged almost orthogonally relative to the anthracene plane with torsion angles of 86.7 • in 3 and 87.5 • in 4. A superposition of 2 and 3 depicted in different projections is shown in Fig. 2 . The different orientations of the Ph 2 P=O and the Ph 2 P=S substituents are obvious.
The anthracene moiety in 1 is slightly folded (angle along C9···C10 = 177.4 • ), while the boat-like conformation is more distinct in 2 -4 due to the different orientations of the Ph 2 P=E substitutents (folding angle 163.0 • in 4). The cisoid orientations of the phenyl substituents in 3 and 4 cause the two lateral anthracene rings to bend towards the sulfur and selenium atom, respectively. The bromine and phosphorus atoms are not located in the best plane of the central anthracene C 6 perimeter and the deviation from the plane increases drastically when proceeding from 2 (transoid) to 3 and 4 (cisoid).
Conclusions
In conclusion, the 9-bromo-10-phosphanylanthracenes {Br(C 14 H 8 )(Ph 2 P)} (1), {Br(C 14 H 8 )(Ph 2 P=O)} (2), {Br(C 14 H 8 )(Ph 2 P=S)} (3), and {Br(C 14 H 8 )(Ph 2 P=Se)} (4) can easily be synthesized in high yields using common reagents. Their spectral and structural properties are widely in accord with the 9,10-diphosphanyl compounds, but they do not crystallize as host molecules for toluene like their diphosphanyl analogues do. The monofunctional derivatives open the door for the syntheses of asymmetrically substituted anthracenes with mixed P/B, P/C, P/Si or P/N centered substituents. Our future work is aimed to evaluate how these changes will influence the sensoric and photonic properties of the related host/guest complexes. Metal complexes of d and f block elements will also be investigated.
Experimental Section
The syntheses were performed under an inert gas atmosphere of dry nitrogen with Schlenk techniques. All solvents were dried and purified according to standard procedures and stored under nitrogen. 1D and 2D NMR spectra were obtained on a Bruker Avance 500 instrument operating at 500.13, 202.46, and 95.38 MHz, respectively, for 1 H, 31 P, and 77 Se. Melting points were measured in sealed capillaries using a Büchi melting point instrument. Mass spectra were recorded on a MAT 95 spectrometer. Elemental analyses were performed by Analytisches Labor, Anorganische Chemie, Göttingen. (1) n BuLi in n-hexane (1.37 mL, 2.22 M, 3.04 mmol) is added to a suspension of 9,10-dibromoanthracene (1.00 g, 2.98 mmol) in 25 mL of diethyl ether at −15 • C. The reaction mixture is stirred for 30 min before addition of chlorodiphenylphosphane (660 mg, 2.99 mmol). The suspension is stirred for 30 min and insoluble products are removed by filtration. After removal of the solvent, the product is obtained as a yellow powder. Crystals are obtained from a saturated solution in diethyl ether upon a few days' storage at r. 
9-Bromo-10-(diphenylphosphanyl)anthracene

9-Bromo-10-(diphenylphosphoryl)anthracene (2)
An excess of H 2 O 2 ·(H 2 N) 2 C=O (300 mg, 3.19 mmol) is added to a solution of 1 (330 mg, 0.75 mmol) in 40 mL of dichloromethane. The reaction mixture is stirred for 1 h and then filtered. The filtrate is washed with water (2 × 10 mL) and dried with magnesium sulfate over night. After filtration and removal of the solvent, the product is obtained as yellow crystals by recrystallization from toluene. Yield: 310 mg (91 %). 
9-Bromo-10-(diphenylthiophosphoryl)anthracene (3)
Elemental sulfur (80 mg, 2.50 mmol) is added to a solution of 1 (1.10 g, 2.49 mmol) in 30 mL of toluene. The reaction mixture is then heated to reflux for 4 h. After removal of the solvent the product is obtained by crystallization of the residue from diethyl ether. Yield: 1.10 g (93 %). 
9-Bromo-10-(diphenylselenophosphoryl)anthracene (4)
This compound was prepared in analogy to 3 from 1 (240 mg, 0.54 mmol) and an excess of gray selenium (120 mg, 1.52 mmol) in 30 mL of toluene and subsequent crystallization of the product from toluene. 
Structure Determination of 1 -4
Crystal data are presented in Table 2 . The data were collected from oil-coated shock-cooled crystals. Compounds 1 -3 were measured on a Bruker SMART-APEX diffractometer with a D8 goniometer, and 4 on a Stoe IPDS-2. Both diffractometers were equipped with low-temperature devices and used graphite-monochromated MoK α radiation, λ = 71.073 pm [17] . The data of 1 -3 were integrated with SAINT [18] , and an empirical absorption correction (SADABS) was applied [19] . The data collection and reduction of 4 were performed with X-ARES and X-RED32 [20] . The structures were solved by Direct Methods (SHELXS-97) [21] and refined by full-matrix leastsquares methods against F 2 (SHELXL-97) [22] . All nonhydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms bonded to sp 2 carbon atoms were assigned ideal positions and refined using a riding model with U iso constrained to 1.2 times the U eq value of the parent atom.
Crystallographic data (excluding structure factors) for the structures 1 -4 have been deposited with the Cambridge Crystallographic Data Centre. The CCDC numbers are listed in Table 2 . Copies of the data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
